The paper deals with structural, optical, and electrical properties of a-SiC:H and a-SiC:H,F films prepared by rf sputtering of a silicon target in Ar + Hz + CH4 and Ar + H2 + CF4 gas mixtures, respectively. The comparison of the physical properties of the two different sets of the samples has been considered and the influence of hydrogen and/or fluorine incorporation is examined and discussed.
INTRODUCTION
The greater strength of Si-F bond compared to S&H bond suggested that the use of fluorine as a terminator of dangling bonds could lead to increase in photo and thermal stability in amorphous hydrogenated silicon films a-Si:H. ' It has been shown2 that hydrogenated and fluorinated amorphous silicon a-Si:H,F films prepared by glow discharge (GD) decomposition of SiF4 + H2 gas mixtures is a material having density of gap states lower than GD deposited a-Si:H. Recently some researches on the deposition and properties of silicon based alloy films such as aSiC:H,F prepared by rf sputtering of polycrystalline Sic targets in Ar + SiF4 + H2 mixtures3'4 and a-SiC:H,F prepared by rf glow discharge in SiH4 + CF4 (Ref. 5) or in SiFb + CH4 (or CH4 + Hz) (Ref. 6) mixtures have been published. Fluorine is found to attach preferentially to carbon over silicon.3 It has been shown indeed that in a-SiC:F films about 70% of F is bonded to C and about 30% to Si. . This indicates that F radicals more than H radicals remove "weak" amorphous tissue by etching it preferentially. To learn more about the influence of hydrogen and/or fluorine on amorphous silicon carbon alloys we deposited and studied films of a-SiC:H and a-SiC:H,F. In this paper we deal with structural, optical, and electrical properties of aSiC:H and a-SiC:H,F films prepared by reactive rf sputtering of silicon in Ar + H2 + CH4 and Ar + H2 + CF4 gas mixtures, respectively, and also with the comparison of the physical properties of the two different series of films. The results and conclusions about the influence of hydrogen and fluorine introduction in the a-Sic random network are reported and discussed.
II. EXPERIMENT
Films of a-SiC:H and a-SiC:H,F were deposited by reactive rf sputtering. Electronic grade silicon of 120 mm in diameter was used as a target. The flow of the gas mixture of Ar (5N), H2 (5.5N), CH4 (5.5N), CF4 (4.5N) was controlled during the deposition process. The total gas pressure varied in the range from 0.4 to 0.67 Pa. The deposition temperature was kept constant at 250 "C and the r-f power at 300 W. During all the depositions the Ar flow was constant and equal 100 seem. For a-SiC:H films (labeled SCH) the H2 flow decreased from 18 to 9 seem when the CH4 flow increased from 0 to 9 seem and for SiC:H,F films (labeled SCF) the H2 decreased from 17 to 7 seem when CF4 flow increased from 1.5 to 11 seem. For all the samples, the numbers after the characters in the labels indicate the partial pressure of CH4 or CF, in mPa, respectively. The films were deposited onto different substrates suitable for investigations: polished fused silica for optical, photothermal deflection spectroscopy (PDS), and electron spin resonance (ESR) measurements, double polished crystalline silicon FZ for infrared (IR) spectroscopy, and Corning 7059 glass for conductivity measurements.
Transmittance and reflectance measurements were performed with a Perkin-Elmer UV-VIS-NIR Lambda 9 spectrophotometer in the 0.2-2.5 pm range. The extraction of the optical constants was done following the procedure described in Ref. 7 . Spectral distribution of the sub-gap states was obtained by means of highly,sensitive PDS technique8 which allows the measurements of weak optical absorption of about 10 -' cm -'.
The structural characterization of the films was done by means of IR spectroscopy in the absorption mode by a Bruker IFS 85 Fourier transform spectrophotometer in the range from 400 to 4000 cm -t.
Electron spin resonance (ESR) measurements were made by a Varian EPR-109 spectrometer. Both the g value and the density of spins of the samples were obtained by comparison with the Varian pitch (g = 2.0029) and with the DPPH ( 1.1 dyphenil-2-pyrylhydrazil) standard sample, respectively.
The dark electrical conductivity at room temperature was measured in coplanar configuration under vacuum (0.133 Pa) with a Hewlett-Packard 4329A high resistance meter. The photosensitivity defined as the ratio of the photoconductivity and the dark conductivity was measured by means of a halogen lamp with an intensity of 100 mW/cm2 at the film surface. 
Ill. RESULTS AND DISCUSSION
A. Infrared spectroscopy Figure 1 shows the changes in the IR absorption spectrum in the range from 400 to 3000 cm -' with the increase of CH4 partial pressure during the film preparation. The spectrum consists of the well known absorption bands due to the different H bonds to Si and C. The 2100 and 2000 cm-' bands were assigned to the SiH, and SiH stretching modes.g The band around 780 cm-' is assigned to SiCHs rocking or wagging mode or to Sic stretching mode and the 650 cm -* band is due to the SiH, wagging mode. lo The band at 1000 cm -' is attributed to CH, rocking and/ or wagging vibration. 'I Then intensity of the SiH2 mode (2100 cm -' ) with the increase of CH4 partial pressure remains practically constant. The intensity of the SiH mode (2000 cm -' ) decreases and disappears for high carbon content when a new band of a doublet structure at 2900 cm: ' assigned to CH2 stretching mode" appears. Furthermore, with the increase of CH4 partial pressure the 780 cm -' band becomes dominant up to a saturation for the higher values of CH4 partial pressure.
In Fig. 2 . the variations of the IR spectrum caused by the increase of CF4 partial pressure during the deposition process are shown. When CF4 partial pressure increased we observed an increase in 860 cm -' band (SiF, stretching mode) .4V12 A 1100 cm -' band due to CF2 stretching mode exists in the film deposited in high CF4 partial pressures. l2 An absorption band at 3700 cm -*, present only in the fluorine rich samples can be attributed to the HF vibration mode. l3
Comparing the results obtained from the IR spectra of the two different series of the samples we deduce that in The presence of the CH2 (at 1000 cm -') and SiCH3 (at 780 cm-'> band vibrations suggests that both reactions occur, but for high CH4 partial pressures the second reaction is more favorable. So the 780 cm -i band seems to be rather attributed to SiCH3 than Sic. In a-SiC:H,F films with the increase of CF4 partial pressure during the preparation we observe a sharp decrease~of SiH, and SiH bands up to disappearance for relatively high CF4, and a slow continuous decrease of 780 cm-' peak. Also the SiF2 peak (at 860 cm -') and the CF2 (at 1100 cm -' ) for the highest CF4 partial pressures become dominant. By examining the trend of the variation of the peak intensity with CF4 partial pressure and taking into account the dissociation of CF4 CF4d CF2 + F2 ( -180 kcal/mol) and CF4-+CF3 + F ( -120 kcal/mol), the more favorable reactions that enable us to interpret the above results could be the following: 
B. Optical properties
The absorption coefficient a as derived from direct optical and PDS measurements as a function of the partial pressure of CH4 and CF4 for some a-SiC:H and a-SiC:H,F samples, respectively, is shown in Figs. 3 and 4 . In the region where a is higher than lo4 cm -' the absorption spectrum can be described by Taut's equation
where B is proportional to N(E)2/nAE. N(E) is the density of states at the band edge, n the refractive index, and AE is the conduction band tail width.14 In the low energy region (hv < Eg) the knowledge of the absorption coefficient allows us to deduce the characteristic energy of the Urbach edge E. defined by14 stronger absorption at the lower energies. This can be explained in the terms of compositional disorder introduced by carbon in a-Si:H network15 and for high C content ( > 10%) in the terms of graphitic islands with electronic states closer to Fermi level.16
The pseudo-gap for a-SiC:H,F films shows a trend different from those of a-SiC:H. Eg remains practically constant for low CF4 partial pressure, but for higher partial pressures the pseudo-gap sharply increases up to values as high as 3.1 eV. The Urbach energy also increases with CF, partial pressure, however this effect is smaller for aSiC:H,F than for a-SiC:H films.
The behavior of E. is probably due to an increase in the density of band tail states generated by the more complex bonding configurations between the constituent elements of the films, as it is seen from IR spectra.
The integral of the absorption coefficient 1, in the low energy region after the subtraction of the extrapolated Urbath tail is directly related with the band gap states. The values of I, deduced from the measurements are shown in Figs. 7 and 8 for a-SiC:H and a-SiC:H,F respectively.
The values of the static refractive index n (/z = 1.5 pm) for the different samples are reported in Table I . It is known that hydrogenated amorphous carbon (a-C:H) films have the refractive index covering the range from 1.8 to 2.3. The fact that for a-SiC:H films the index of refraction saturates at n = 2.05 for high methane partial pressure IO (Table I) indicates a tendency towards a prevalence of carbon atoms in the films consistent with the previous results. The introduction of fluorine causes a decrease of the refractive index (Table I ). The value of n = 1.69 in the films produced in high CF4 partial pressure suggests that probably the carbon atoms in the films are polymerlike.
C. Electron spin resonance and electrical properties
The density of spins N, for all the samples was deduced from ESR measurements. In the experimental spectra of a-SiC:H deposited in low CH4 partial pressure the signals with g shift around 2.0055 and peak-to-peak line width of 7 Gauss were observed corresponding to spin density values of 10'7-10'8 cmm3. This line is known to be due to silicon dangling bonds. l7 As CH4 partial pressure increases the density of spins increases up to 102' cm -3 and the g shift approaches values around 2.003-2.004 characteristic for unpaired spins in C clusters.18 The spin densities for all the samples are reported in Figs. 7 and 8. For a-SiC:H,F films the density of spins N, having values in the range from lOi to 10" cm -3 is only slightly affected by CF4 partial pressure. The g shift has values around 2.0055 for all the samples suggesting that the unpaired spins are of Si type. In a-Si:H the unsaturated bonds are the principal source of defects. The uncharged part of these defects is detected by ESR but the total amount is responsible for an excess in the absorption coefficient in the low energy region (below Urbach tail). A correlation between those two methods to measure defects was found'," through a constant of proportionality between the integral of absorption coefficient and the spin density. This relation was extended to other tetrahedral semiconductors and their alloys. 20'21 In previous papers22'23 we have already suggested that the absorption coefficient has to be treated with some caution to evaluate the defect density in tetrahedral semiconducting alloys. In Figs. 7 and 8 a comparison between iV, and 1, is reported for all our films. It is possible to see that in both Research in Italian Laboratories, Trieste, Italy" in Diparhydrogenated and fluorinated amorphous silicon carbon timento di Fisica, Politecnico di Torino. The authors are only for low CH4 and CF4 partial pressure (that is to say grateful to Dr. Paolo Rava Elettrorava S.p.A. Savonera low carbon content), a direct proportionality between N, (Torino) for the use of the deposition system, H. Czternand 1, exists, as the carbon content increases the trend of astek and Dr. K. Zakrzewska, Academy of Mining and two quantities is different. The defect density evaluated by Metallurgy Krakow, for the possibility of the use of some 1, following the standard methodlg is underestimated.
computer programs. The room temperature dark conductivity od for the different samples are reported in Table I . The dark conductivity of a-SiC:H,F is one order of magnitude higher than that of a-SiC:H which suggests that the density of gap states and/or band tail is relatively high owing to the formation of more complicated band structures as seen from structural and optical results. The photoconductivity is present only in the samples deposited with low CH4 and CF4 partial pressures and the photosensitivity is of the order from lo3 to 105.
